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Functional architecture of the cell nucleusThe human genome is efﬁciently packed and compacted 400,000-
fold to ﬁt into a nucleus. The interphase nucleus is a highly dynamic
landscape and the accessibility to speciﬁc regions is subject to complex
regulation [1]. The nucleus is organized in speciﬁc compartments that
include chromosome territories and the interchromosome space aswell
as freely diffusible proteins and nuclear bodies [2]. Already 120 years
ago, Carl Rabl and Theodor Boveri showed that the nuclei are not
randomly organized and that the chromosome arrangement in a given
cell resembles that of theprevious generation, amodel that is referred to
as the Rabl conﬁguration [3]. This concept is supported by multiple
observations, including a study employing non-invasive labeling of
chromosome subsets and tracking by 4D imaging [4]. However, the Rabl
conﬁguration should not be taken as a strict rule, as chromosomes are
dynamic and, for example, upon cell cycle exit, a gene-poor human
chromosome can move from the nuclear periphery to a more internal
site in the nucleus [5]. The chromosome territories can be accessed fromFig. 1. Schematic representation of the nucleus. Compartments a
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doi:10.1016/j.bbamcr.2008.09.007DNA-free channels, which allow contact with the transcription
machinery and other enzymes to the interior of chromosome territories
[6]. A fertilized mammalian oocyte is able to give rise to about 200
different types of cells, and it is obvious that an embryonic stem cell is
very different from a cell such as a neuron, an osteoclast or a
cardiomyocyte. It is well accepted that the gene expression programs
of these individual cell types speciﬁcally differ; however, how the
individual proteomes differ and how this translates into structure and
function of the respective cell type are still far from being understood.
Are the nuclear scaffold factors that organize nuclear architecture
similar and do typical nuclear “machines” look the same in different cell
types? Are they present in similar relative amounts or does, for instance,
an epidermal cell, exposed to sunlight, contain more DNA repair units
than an epidermal cell from the gut? To answer such basic questions for
the blueprint of differentiated cell function, we use tissue-cultured cells
that are mostly derived from transformed cells, some of which havend nuclear bodies are indicated. For further details, see text.
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way for understanding themolecular equipmentof nuclei in general and
will allow us to ask for the speciﬁc details of special nuclei. This special
issue summarizes the recent progress that has beenmade in elucidating
the function and structure of the nucleus. Basic architectural features of
the nucleus with relevance for this issue are displayed in Fig. 1.
The investigation of the dynamics and organisation of the genome
is sparked by newmethods and concepts that are discussed in the ﬁrst
section of this special issue. The contribution of Voss and Hager
highlights how life cell imaging using green ﬂuorescent protein (GFP)
and an increasing number of its glowing derivatives makes it possible
tomonitor the dynamic aspects of proteinmovement and interactions
within the nucleus. Amore detailedmap beyond themicroscopic level
is discussed in the contribution of Simonis and de Laat. They feature
novel high-throughput techniques that enable determination of
folding and DNA contacts that occur within gene loci, thus making it
possible to understand the genomic context of gene expression. The
three-dimensional folding of chromosomal regions is only barely
understood. Karl Rohr and colleagues present and discuss an approach
that is based on statistical shape theory to analyse microscopic images
of the X chromosome. Thereby they demonstrate that the shapes of
regions within the active and inactive X chromosome, respectively, are
indeed distinct. Another high-throughput approach, the so-called
MELC/TIS ﬂuorescence robot technology, is featured by Walter
Schubert and colleagues. As demonstrated by the example of an
apoptotic hepatocyte, they reveal the power of this technology to
determine the colocalization of more than a hundred different
molecular cell components in one single cell. These experiments
show hierarchical properties of protein network organisation, referred
to as the toponome. The nucleus is a system with high macromole-
cular content, a feature that has an important impact on the
biochemical behavior of macromolecules. This phenomenon is termed
macromolecular crowding, an issue that is discussed in the contribu-
tion of Karsten Richter and colleagues. They explain how the excluded
volume effect of macromolecular crowding drives bulky components
into structurally compact organizations, increases their thermody-
namic activities and slows diffusion. Karsten Rippe and co-workers
highlight recent developments that make it possible to measure the
dynamics of chromatin reorganization (e.g., by single particle tracking
or FRAP). This review also discusses the theoretical framework to
describe the kinetic parameters of chromatin reorganization.
The interchromatin space hosts the steadily growing microcosmos
of nuclear speckles and nuclear bodies. These structures form by self-
assembly and lack delineating membranes that are typical for
organelles. The largest subnuclear structure, the nucleolus, is reviewed
by Prieto and McStay, who discuss the use of “artiﬁcial nucleolar
organiser regions” (NORs) to gain important insights into nucleolar
formation. Another well-known subcompartment is the Cajal body, a
nuclear region known to be a place of active arginine methylation.
GlennMorris highlights the relevance of these structures for disease, as
SMN, the protein deﬁcient in a severe inherited neuromuscular
disease, is a Cajal body component. The article also summarizes recent
information on the assembly, function and relevance of Cajal bodies for
uridine-rich small nuclear ribonucleoproteins (U snRNPs). The proces-
sing of U snRNPs within the Cajal bodies and the nucleolus and their
subsequent relocalisation to interchromatin granules are discussed in
depth by Philip Young and colleagues. A fascinating model organism
for large-scale genome rearrangements is the unicellular eukaryote
Tetrahymena, which possesses two versions of its genome: one
germline and one somatic. The development of the somatic nucleus
involves large-scale DNA rearrangements that employ a complex
machinery to eliminate 15 to 20 Mb of DNA, as discussed by Douglas
Chalker. The insights gained from this ciliate offer an intriguing
glimpse into mechanisms that shape nuclear architecture during
eukaryotic development. A nuclear body that is frequently linked to
diseases is the PML (promyelocytic leukemia protein) nuclear body,which contributes to the control of proliferation, apoptosis and viral
infection. The review by Katherine Borden discusses various concepts
explaining PML nuclear body formation and function. She proposes a
RNA regulon model, thus suggesting a unifying framework to explain
the complex and multiple functions of PML nuclear bodies. Given the
outstanding biomedical relevance of PML, twomore reviews cover the
function of PML and related proteins for apoptosis and viral infections.
Another subnuclear domain partially overlaps with PML nuclear
bodies and contains the serine/threonine kinase HIPK2 as a marker
protein. Silvia Soddu and colleagues summarize the principles of HIPK
compartmentalization into HIPK domains or HIPK nuclear deposition
sites (NUDES). The spatial description of particular interactions and
posttranslational modiﬁcations promoted by these kinases on key
cellular regulators are highlighted and provide relevant insights into
the function of this class of nuclear bodies.
The third section emphasizes the impact of nuclear architecture on
gene expression, a main task of the nucleus. Xu and Cook discuss the
role of specialized transcription factories in chromosome pairing. They
reviewan intriguingmodel based on the observation that transcription
occurs in factories and that chromosomes only pair when transcribed.
The mutual interplay between nuclear architecture and gene regula-
tion is also covered by a contribution from Fedora and Zink. Their
review deals with the question of how some loci mediate the dynamic
and actin/myosin-dependent relocalization upon transcriptional acti-
vation. This contribution discusses novel ﬁndings that help to explain
how transcription factors in association with chromatin modifying
complexes play a central role in regulating chromatin positioning and
dynamics. Intimately related to this issue is the question of how
regulatory elements and transcription units can prevent the functional
interference with inappropriate promoters in the neighborhood. This
issue and the concept of insulators thatmediate differential chromatin
folding are discussed in the contribution of Bartkuhn and Renkawitz.
The review by Prokhortchouk and Defossez highlights that nuclear
architecture not only is based on proteineous components but also is
sculptured by the DNA itself. Their contribution provides a brief
reminder that DNA methylation has a strong impact on the in vivo
organization of the genome. The enzymatic machinery mediating and
recognizing methylated DNA and its impact on nuclear architecture
and gene expression are featured.
The relevance of subnuclear structures for key cellular processes is
also highlighted by the fact that many nuclear bodies or their resident
proteins are associated with various diseases. A physician's view on
nuclear bodies is provided by John Woulfe, who comprehensively
summarizes nuclear body aberrations found in certain neurodegenera-
tive diseases. Although research in this ﬁeld is in its infancy, the
identiﬁcation of alterations in the nucleus will be a valuable tool for
future concepts in diagnosis and therapy. The nuclear bodywith thebest
characterized disease association is the PML nuclear body. Viruses have
learned to target key signaling pathways in order to ensure their own
survival andpropagation. PMLnuclear bodies are targeted byavarietyof
viruses belonging to different viral families, as discussed in the
contribution of Tavalai and Stamminger. Their contribution summarizes
the role of this subnuclear structure in various DNA and RNA viruses
with an emphasis on herpesviruses. The role of PML nuclear bodies and
also Cajal bodies and nucleoli for apoptosis is featured in the review by
Krieghoff-Henning and Hofmann. They discuss mechanisms mediating
crosstalk and exchange between different nuclear bodies in apoptosis
regulation. All contributions in this section show that a detailed
understanding of nuclear bodies and their role in diseases is of key
interest for novel concepts in diagnosis and therapy.
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